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7KH XVH RI HOHFWURSRUDWLRQ DV D JHQHWLF
WUDQVIRUPDWLRQ PHWKRG RI EURDG DSSOLFDWLRQ
DFURVV VSHFLHV KDV SUROLIHUDWHG LQ UHFHQW \HDUV
0RWR HW DO  =KDQJ HW DO  6DLWR DQG
1DNDWVXML  +DDV HW DO  7DZN HW DO
 7KRPDV  6DQR HW DO  .XQLHGD
DQG .XER  (OHFWURSRUDWLRQ LQWURGXFHV
IRUHLJQ '1$ LQWR FHOOV E\ WHPSRUDULO\ RSHQLQJ
SRUHV IRU WKH '1$ WR HQWHU WKH FHOO HQDEOLQJ WKH
VWXG\ RI UHJXODWLRQ DQG IXQFWLRQ RI WKHVH JHQHV
DQG SURWHLQV &KDQJ DQG 5HHVH  7KLV
PHWKRG LV RI JUHDW LQWHUHVW EHFDXVH RI LWV DELOLW\ WR
LQVHUW '1$ in vivo LQWR VSHFLILF WLVVXHV LQFOXGLQJ
GLIIHUHQWLDWHG DGXOW SRVWPLWRWLF FHOOV -DURV]HVNL
HWDO
$Q in vivo PHWKRG IRU FDQGLGDWH JHQH GHOLYHU\
LQWR WKH SXSDO ZLQJ RI WKH EXWWHUIO\ Bicyclus
anynana LV GHVFULEHG 7KLV DSSURDFK FDQ EH XVHG
WR HQDEOH WKH HFWRSLF H[SUHVVLRQ RU GLVUXSWLRQ YLD
51$L RI FDQGLGDWH GHYHORSPHQWDO JHQHV
SUHYLRXVO\ LPSOLFDWHG LQ FRORU SDWWHUQ IRUPDWLRQ
LQ EXWWHUIO\ ZLQJV %UDNHILHOG HW DO  .H\V HW
WDO  %UXQHWWL HW DO  5HHG DQG 6HUIDV
 0RQWHLUR HW DO  DV ZHOO DV WKH
IXQFWLRQDO WHVWLQJ RI QHZ SODVPLG FRQVWUXFWV
FRQWDLQLQJ FDQGLGDWH JHQHV WKDW PD\
VXEVHTXHQWO\ EH XVHG LQ WUDQVJHQLF H[SHULPHQWV
0DUFXVHWDO
:KLOH RWKHU VRPDWLF WUDQVIRUPDWLRQV H[SHULPHQWV
RQ EXWWHUIO\ ZLQJ WLVVXH KDYH VXFFHVVIXOO\ EHHQ
SHUIRUPHG ZLWK 6LQGELV DQG 9DFFLQLD YLUXVHV
/HZLV HW DO  /HZLV DQG %UXQHWWL  WKH\
SUHVHQW VRPH RI OLPLWDWLRQV &KLHI DPRQJ WKHP
DUH WKH UHTXLUHPHQW IRU %LRVDIHW\ /HYHO OHYHOV RI
ODERUDWRU\ VDIHW\ DURXQG WKHVH YLUDO DJHQWV DQG
WKH UHODWLYHO\ VORZ JURZWK UDWH RI WKH YLUXV LQ WKH
WLVVXHV ZKHUH LQIHFWHG FHOOV ZHUH XVXDOO\ RQO\
YLVLEOH LQ VLJQLILFDQW FOXVWHUV E\  KRXUV DIWHU WKH
LQMHFWLRQ 2Q WKH SRVLWLYH VLGH ZKHQ WKH YLUXVHV
ZHUH LQMHFWHG LQWR WKH KHPRFRHO RI WKH ODUYDH RU
GLUHFWO\ LQWR WKH SXSDO ZLQJ WKHUH ZDV PLQLPDO WR
QR GDPDJH WR WKH DGXOW ZLQJ SDWWHUQV /HZLV HW DO

,Q WKH H[SHULPHQWV GHVFULEHG KHUH SODVPLGV DUH
HOHFWURSRUDWHG GLUHFWO\ LQWR WKH ZLQJ WLVVXH 7R
RSWLPL]H WKH FHOO WUDQVIHFWLRQ HIILFLHQF\ GXULQJ WKH
HDUO\ SXSDO VWDJH ZKLOH PLQLPL]LQJ WKH DPRXQW RI
GDPDJH WKDW LV GLVSOD\HG RQ WKH DGXOW ZLQJ WKH
'1$ VHTXHQFH IRU HQKDQFHG JUHHQ IOXRUHVFHQW
SURWHLQ (*)3 ZDV XVHG DV D UHSRUWHU 7KH
PHWKRG ZDV DOVR WHVWHG XVLQJ D QHZ SODVPLG
FRQVWUXFW FRQWDLQLQJ D FDQGLGDWH GHYHORSPHQWDO
JHQH Decapentaplegic DppIXVHGWR EGFP
0DWHULDOVDQG0HWKRGV
3ODVPLGSUHSDUDWLRQ
7KH SLJJ\%DF FRQVWUXFWV pBac {3xP3-DsRed,
hsp70-EGFP} 5DPRV HW DO  DQG pBac
{3xP3-EGFP, hsp70-Dpp-EGFP} % &KHQ HW DO
LQ SUHS FRQWDLQLQJ WKH '1$ VHTXHQFH IRU WKH
UHSRUWHU SURWHLQ HQKDQFHG JUHHQ IOXRUHVFHQW
SURWHLQ (*)3 ZHUH LQWURGXFHG WKURXJK
HOHFWURSRUDWLRQ LQWR VRPDWLF FHOOV RI WKH EXWWHUIO\
B. anynana DQG WKHLU DELOLW\ WR EH H[SUHVVHG ZDV
DQDO\]HG %RWK SODVPLGV XVHG WKH KHDWVKRFN
Hsp70 SURPRWHU IURP Drosophila WR GULYH JHQH
H[SUHVVLRQ DQG WKH ODWWHU SODVPLG FRQWDLQHG WKH
Decapentaplegic Dpp JHQH IURP Drosophila
IXVHG WR EGFP 7HOHPDQ DQG &RKHQ  7KH
SODVPLGV ZHUH DPSOLILHG LQ -0 Escherichia
coli FHOOV DQG LVRODWHG XVLQJ 4LDJHQ +LVSHHG
3ODVPLG 0D[L NLW 7KH '1$ FRQFHQWUDWLRQ XVHG
UDQJHG IURP  WR QJƫO )RU D WULDO RI 
SXSDH  ƫO RI SODVPLG DQG ƫO RI 0F&RUPLFN
EOXH G\H ZDV PL[HG WRJHWKHU 7KH G\H ZDV XVHG WR
YLVXDOL]H WKH LQMHFWLRQ )RU FRQWURO LQMHFWLRQV 
ƫO RI ZDWHU ZHUH DGGHG WR  ƫO RI G\H )RU WULDOV
XVLQJ WKH WUDQVIHFWLRQ UHDJHQW )O\IHFWLQ 2]
%LRVFLHQFHV FDWDORJ QXPEHU )) D  UDWLR
RI '1$ WR )O\IHFWLQ ZDV XVHG UHGXFLQJ WKH
FRQFHQWUDWLRQ RI '1$ WR D UDQJH RI  ± 
QJƫO ,Q WULDOV ZKHUH ZDWHU ZDV VXEVWLWXWHG IRU
)O\IHFWLQ D  UDWLR RI '1$ WR ZDWHU ZDV XVHG
WKXV NHHSLQJ WKH FRQFHQWUDWLRQ RI WKH '1$
FRQVWDQW
3ODVPLGLQMHFWLRQLQWRSXSDH
3XSDH EHWZHHQ WKH DJHV RI  WR  KRXUV ROG
ZHUH LQMHFWHG XVLQJ D SXOOHG JODVV PLFURFDSLOODU\
7:) :RUOG 3UHFLVLRQ ,QVWUXPHQWV
ZZZZSLLQFFRP DWWDFKHG WR D 3LFRVSULW]HU ,,,
PLFURLQMHFWLRQ DSSDUDWXV ZZZSDUNHUFRP
FRQWDLQLQJ DSSUR[LPDWHO\  ƫO RI WKH SODVPLG
PL[HV PHQWLRQHG DERYH $ VXLWDEOH ORFDWLRQ
JHQHUDOO\ LQ WKH PLGGOH RI WKH IRUHZLQJ RI WKH
SXSD ZDV VHOHFWHG IRU LQMHFWLRQ )LJXUH D 7KH
PLFURFDSLOODU\ ZDV LQVHUWHG WKURXJK WKH FXWLFOH RI
WKH SXSD DW D WDQJHQWLDO DQJOH 'HOLYHU\ RI WKH
SODVPLG RFFXUUHG WKURXJK D YDULDEOH QXPEHU RI
SXOVHV RI SUHVVXUH ZKHUH DSSUR[LPDWHO\  ƫOR I
SODVPLG ZDV LQMHFWHG SHU SXSD :KLOH GLVFKDUJLQJ
EXUVWV RI SUHVVXUH WKH PLFURFDSLOODU\ ZDV VORZO\
PRYHG XS DQG GRZQ LQ RUGHU WR GLVWULEXWH SODVPLG
DW YDULDEOH GHSWKV ZLWKLQ WKH ILUVW ± PP RI WKH
VXUIDFH RI WKH SXSD &RQWURO LQMHFWLRQV ZLWK EOXH
FRORUHG ZDWHU LQVWHDG RI '1$ ZHUH SHUIRUPHG
WKURXJKRXWWKHH[SHULPHQW
3ODVPLGHOHFWURSRUDWLRQ





SODVPLG WKH '1$ ZDV HOHFWURSRUDWHG LQWR FHOOV
XVLQJ D %7; (OHFWUR 6TXDUH 3RUDWRU (&0 
ZZZEW[RQOLQHFRP 7ZR ILQH WXQJVWHQ QHHGOHV
 PP ORQJ  PP GLDPHWHU  :RUOG
3UHFLVLRQ ,QVWUXPHQWV ZHUH XVHG WR SHQHWUDWH WKH
FXWLFOH RI WKH SXSD 7KH QHHGOHV ZHUH SRVLWLRQHG
DSSUR[LPDWHO\  PP DSDUW )LJXUH E VKRZV
FRUUHFW GLVWDQFH EHWZHHQ QHHGOHV EXW QRW WKH
FRUUHFW DQJOH RI QHHGOH LQVHUWLRQ DQG LQVHUWHG
LQWR WKH FXWLFOH DW D GHSWK RI DSSUR[LPDWHO\  PP
(OHFWURSRUDWLRQ FRQGLWLRQV YDULHG LQ SXOVH
QXPEHU ± YROWDJH 9±9 SXOVH OHQJWK
 ƫV ±  VHFRQGV DQG LQWHUYDO  ± 
PV EHWZHHQ SXOVHV ,PPHGLDWHO\ IROORZLQJ
HOHFWURSRUDWLRQ WKH SXSDH ZHUH KHDW VKRFNHG IRU 
±  KRXUV DW & WR LQGXFH EGFP H[SUHVVLRQ YLD
WKH Drosophila KHDWVKRFN SURPRWHU  &RQWURO
SXSDH LQMHFWHG ZLWK ZDWHU DQG G\H ZHUH
HOHFWURSRUDWHG DQG KHDWVKRFNHG DFURVV WKH VDPH
UDQJH RI SDUDPHWHUV DV WKH SXSDH LQMHFWHG ZLWK
'1$
:LQJ SUHSDUDWLRQ DQG YLVXDOL]DWLRQ RI
(*)3
:LQJ H[WUDFWLRQV ZHUH SHUIRUPHG  ±  KRXUV
IROORZLQJ WKH KHDW VKRFN LQ SKRVSKDWH EXIIHUHG
VDOLQH VROXWLRQ DW & $Q LQFLVLRQ ZDV PDGH
DURXQG WKH HQWLUH FXWLFOH RI WKH IRUHZLQJ XVLQJ D
VFDOSHO WR GHWDFK WKH ZLQJ ZLWK WKH DGMRLQLQJ
FXWLFOH IURP WKH UHVW RI WKH SXSD 7KH ZLQJ ZDV
WKHQ VHSDUDWHG IURP WKH FXWLFOH ZLWK ILQH FXUYHG
IRUFHSV DQG LQFXEDWHG IRU  PLQXWHV RQ LFH LQ
ZHOOV FRQWDLQLQJ  ƫO RI EOXHIOXRUHVFHQW UHDFWLYH
G\H /,9('($' 5HGXFHG %LRKD]DUG &HOO
9LDELOLW\ .LW 0ROHFXODU 3UREHV
ZZZLQYLWURJHQFRP DQG  ƫO EXIIHUHG VDOLQH
7KLV G\H FDQ RQO\ SHQHWUDWH GHDG RU PHPEUDQH
FRPSURPLVHG FHOOV DQG ZDV XVHG WR HVWLPDWH WKH
DPRXQW RI FHOO GHDWK DURXQG WKH HOHFWURSRUDWLRQ
VLWHV $IWHU WKH LQFXEDWLRQ SHULRG WKH ZLQJV ZHUH
ZDVKHG WZLFH ZLWK  ƫO RI EXIIHUHG VDOLQH 7KH
ZLQJV ZHUH IXUWKHU LQFXEDWHG IRU  PLQXWHV LQ
 IRUPDOGHK\GH VROXWLRQ IURP D  VWRFN
VROXWLRQ GLOXWHG LQ EXIIHUHG VDOLQH DW URRP
WHPSHUDWXUH 1H[W WKH ZLQJV ZHUH ZDVKHG ZLWK
 ƫO RI EXIIHUHG VDOLQH DQG PRXQWHG RQ D VOLGH
LQ  ƫO 6ORZ )DGH /LJKW $QWLIDGH .LW 0ROHFXODU
3UREHV (*)3 DQG WKH EOXH IOXRUHVFHQW UHDFWLYH
G\H ZHUH REVHUYHG XQGHU D Leica '0,5( ,,
IOXRUHVFHQW PLFURVFRSH DW [ DQG ; XVLQJ
DSSURSULDWH'$3,DQG),7&ILOWHUVHWV
(PHUJHGEXWWHUIOLHV
3XSDH WKDW ZHUH DOORZHG WR HPHUJH IROORZLQJ WKH
KHDW VKRFN ZHUH SODFHG LQ VPDOO PHVK FDJHV
LQVLGH DQ LQVHFWDU\ NHSW DW & DQG  UHODWLYH
KXPLGLW\ XQWLO DGXOW EXWWHUIOLHV HPHUJHG  GD\V
ODWHU $GXOW EXWWHUIOLHV ZHUH IUR]HQ DW ï& DQG




8VLQJ D YDULHW\ RI GLIIHUHQW HOHFWURSRUDWLRQ
SDUDPHWHUV D SODVPLG FRQWDLQLQJ WKH FRGLQJ
VHTXHQFH RI EGFP ZDV LQWURGXFHG LQWR WKH
HSLGHUPDO FHOOV RI WKH SXSDO IRUHZLQJ RI B.
anynana DQG LQGXFHG WKH FHOOV WR SURGXFH WKH
IOXRUHVFHQW SURWHLQ )LJXUH  7DEOH  1RQH RI
WKH FRQWURO SXSDH LQMHFWHG ZLWK ZDWHU GLVSOD\HG
DQ\ JUHHQ IOXRUHVFHQFH LQ WKH HSLGHUPLV 7KH XVH
RI )O\IHFWLQ UHGXFHG WKH FODULW\ RI YLVXDOL]DWLRQ RI
EGFP H[SUHVVLRQ SRVVLEO\ GXH WR WKH OLSLG
FRPSRVLWLRQ RI WKLV SURGXFW 7KH KLJKHVW
WUDQVIHFWLRQ UDWH ZDV REWDLQHG ZKHQ '1$ ZDV
PL[HG ZLWK )O\IHFWLQ DQG WKH HOHFWURSRUDWLRQ ZDV
GRQH ZLWK  SXOVHV DW  9 ZLWK  VHFRQG SXOVH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661































  ± ±   
9PVSXOVHVPV
LQWHUYDO
 ± ± ±   
9VHFSXOVHVPV
LQWHUYDO)O\IHFWLQ




±  ± ±  ± 
9VHFSXOVHVPV
LQWHUYDO)O\IHFWLQ




±  ± ±  ± 
9VHFSXOVHVPV
LQWHUYDO)O\IHFWLQ








 ± ± ± 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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-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH OHQJWK DQG  PV LQWHUYDO EHWZHHQ SXOVHV
IROORZHG E\ D KHDW VKRFN RI  KRXUV 7DEOH  2I
WKH SXSDH LQMHFWHG XQGHU WKHVH FRQGLWLRQV 
H[SUHVVHG VRPH OHYHO RI (*)3 $YHUDJLQJ DFURVV
HOHFWURSRUDWLRQ FRQGLWLRQV URZV ± LQ 7DEOH 
)O\IHFWLQ GLG QRW KDYH D VLJQLILFDQW HIIHFW RQ
LQFUHDVLQJ WKH QXPEHU RI SXSDH H[SUHVVLQJ VRPH
OHYHO RI (*)3 XVLQJ D &KLVTXDUH WHVW FRPSDULQJ
 RXW RI  DQLPDOV WKDW H[SUHVVHG (*)3 ZLWK
)O\IHFWLQ YHUVXV  RXW RI  ZLWKRXW )O\IHFWLQ
7KH HIILFLHQF\ RI JHQH H[SUHVVLRQ ZDV IRXQG WR EH
GHSHQGHQW PRVWO\ RQ WKH SXOVH OHQJWK $ SXOVH
OHQJWK RI  VHFRQG ZDV IRXQG WR UHVXOW LQ
VLJQLILFDQWO\ KLJKHU QXPEHU RI WUDQVIHFWHG
LQGLYLGXDOV UHODWLYH WR SXOVHV RI  VHFRQGV RU 
VHFRQGV UHVSHFWLYHO\ >&KLVTXDUH EHWZHHQ URZV
 V DQG  V S EHWZHHQ URZV
 V DQG  V S 7DEOH @ $FURVV
PRVW H[SHULPHQWV FHOOXODU H[SUHVVLRQ RI EGFP
YDULHG ZLGHO\ IURP D IHZ HSLGHUPDO FHOOV WR RYHU
 FHOOV DOO FHQWHUHG QHDU WKH VLWH RI LQMHFWLRQ
9DULDWLRQ ZLWKLQ DQ\ RI WKH H[SHULPHQWDO
FRQGLWLRQV KRZHYHU ZDV XVXDOO\ PXFK ODUJHU
WKDQ YDULDWLRQ DFURVV FRQGLWLRQV VHH ODVW FROXPQ
RI 7DEOH  DQG WKHUH ZDV QR FOHDU FRUUHODWLRQ
EHWZHHQ SXOVH OHQJWK DQG QXPEHU RI WUDQVIRUPHG
FHOOV ,Q RQH RI WKH VKRUWHU SXOVH OHQJWK
H[SHULPHQWV  PV IRU H[DPSOH WKH ODUJHVW
QXPEHU RI WUDQVIHFWHG FHOOV ZDV REWDLQHG )LJXUH
D 7KLV VXJJHVWV WKDW WKHUH DUH RWKHU \HW
XQLGHQWLILHG DQG SRVVLEO\ VWRFKDVWLF IDFWRUV WKDW
SOD\DUROHLQFHOOWUDQVIRUPDWLRQ
9ROWDJH KRZHYHU DSSHDUV WR EH FULWLFDO LQ
REWDLQLQJ VXFFHVVIXO SODVPLG WUDQVIHFWLRQ ,QLWLDO
WULDOV XVHG D UDQJH RI YROWDJHV IURP  9 WR  9
ZLWK  SXOVHV  ƫV LQ OHQJWK 7KH RQO\ YROWDJH
FRQGLWLRQ WKDW OHG WR VRPH EGFP H[SUHVVLRQ ZDV
 9 :H GHFLGHG WR FRQFHQWUDWH RXU VXEVHTXHQW
WULDOV XVLQJ WKLV DQG KLJKHU  9 YROWDJHV DQG WR
YDU\ SXOVH OHQJWK DQG RWKHU SDUDPHWHUV WR
RSWLPL]H WUDQVIHFWLRQ UDWH ,Q DOO WULDOV XVLQJ DQ
DYHUDJH RI  LQGLYLGXDOV SHU WULDO VRPH
SURSRUWLRQ RI LQGLYLGXDOV VKRZHG H[SUHVVLRQ RI
EGFP DW  9 +RZHYHU ZKHQ YROWDJH ZDV
LQFUHDVHG WR  9 ZH ZHUH QR ORQJHU DEOH WR
REVHUYH EGFP H[SUHVVLQJFHOOV7DEOH
(*)3'SSIXVLRQFRQVWUXFW
$ QHZ SODVPLG FRQVWUXFW pBac [3xP3-EGFP,
hsp70-Dpp-EGFP] % &KHQ HW DO LQ SUHSDUDWLRQ
FRQWDLQLQJ D FDQGLGDWH GHYHORSPHQWDO JHQH IURP
Drosophila Decapentaplegic, IXVHG WR EGFP
7HOHPDQ DQG &RKHQ  ZDV WHVWHG LQ Bicyclus
XVLQJ WKH RSWLPDO HOHFWURSRUDWLRQ FRQGLWLRQV
REVHUYHG LQ SUHYLRXV H[SHULPHQWV  SXOVHV DW 
9  VHFRQG SXOVH OHQJWK DQG  PV LQWHUYDO
EHWZHHQ SXOVHV $SSUR[LPDWHO\  FHOOV
H[SUHVVLQJ EGFP ZHUH REVHUYHG ERWK LQ WKH
SUHVHQFH DQG DEVHQFH RI )O\IHFWLQ FRQILUPLQJ WKDW
WKH QHZ FRQVWUXFW LV SURGXFLQJ D IOXRUHVFHQW
SURWHLQ ,W UHPDLQV WR EH WHVWHG ZKHWKHU WKLV
SURWHLQ LV IXQFWLRQDO :H DUH SODQQLQJ WR SURGXFH
WUDQVJHQLF OLQHV RI EXWWHUIOLHV ZLWK WKLV FRQVWUXFW
WR WHVW Dpp¶V UROH LQ ZLQJ SDWWHUQ IRUPDWLRQ LQ
Bicyclus
6XUYLYDODQGWLVVXHGDPDJH
6SHFLILF HOHFWURSRUDWLRQ FRQGLWLRQV KDYH D
GUDPDWLF HIIHFW RQ VXUYLYDO DQG RQ WKH DSSHDUDQFH
RI WKH DGXOW EXWWHUIO\ 'HVSLWH PLQLPDO FHOO GHDWK
REVHUYHG LPPHGLDWHO\ DIWHU WKH ZLQJV ZHUH
H[WUDFWHG E\ PHDQV RI D OLYHGHDG YLDELOLW\ VWDLQ
EXWWHUIOLHV WKDW VXUYLYHG WKH WUHDWPHQW KDG D ZLGH
UDQJH RI LQMXULHV LQFOXGLQJ HFWRSLF H\HVSRWV KROHV
LQ WKH ZLQJ WKDW PDWFKHG WKH HOHFWURSRUDWLRQ VLWHV
HFWRSLF EODFN RU JROG VFDOHV FHQWHUHG DURXQG WKH
KROHV LQ WKH ZLQJV DQG ZLQJV WKDW GLG QRW H[SDQG
XSRQ HPHUJHQFH RU WKDW ZHUH VWLOO DWWDFKHG WR WKH
SXSDO FDVH 7DEOH  $W  9 DQG XVLQJ  SXOVHV
DQG  PV LQWHUYDO EHWZHHQ SXOVHV WKH VXUYLYDO
UDWH GLG QRW GHSHQG RQ SXOVH OHQJWK 7DEOH 
FRPSDULQJ URZV   DQG  &KLVTXDUH S!
7KLV ZDV DOVR WKH FDVH IRU DQLPDOV LQMHFWHG ZLWK
ZDWHU LQVWHDG RI '1$ URZV    &KLVTXDUH
S! 7KH SUHVHQFH RI '1$ YHUVXV ZDWHU GLG
QRW DOWHU WKH SURSRUWLRQ RI DQLPDOV WKDW VXUYLYHG
WKH   RU  VHFRQG SXOVH WUHDWPHQWV 7KH
FRPELQDWLRQ RI KLJKHU YROWDJHV  9 ZLWK VKRUW
SXOVH OHQJWKV  PV DQG ORZHU YROWDJHV 
9 ZLWK ORQJHU SXOVH OHQJWKV  V KDV VLPLODU
HIIHFWV RQ PRUWDOLW\ 7KH HIIHFW RI )O\IHFWLQ RQ
SXSDO VXUYLYDO ZDV QRW WHVWHG DV LWV HIIHFW RQ
WUDQVIRUPDWLRQ UDWH ZDV FRQVLGHUHG VPDOO WR
MXVWLI\LWVXVHLQIXWXUHH[SHULPHQWV
)URP WKH JURXS RI EXWWHUIOLHV WKDW VXUYLYHG WKH
WUHDWPHQW DSSUR[LPDWHO\ ± KDG ZLQJV WKDW
GLG QRW H[SDQG SURSHUO\ DQG PRVW RI WKH
UHPDLQLQJ DQLPDOV KDG HLWKHU VPDOO KROHV RU
HFWRSLF EODFN DQG JROG VFDOHV DURXQG WKH DUHDV
ZKHUH WKH HOHFWURGHV ZHUH LQVHUWHG 7DEOH 
7KHVH HIIHFWV ZHUH YLVLEOH DOVR IRU FRQWURO DQLPDOV
LQMHFWHG ZLWK ZDWHU )LJXUH  6OLJKW YDULDWLRQV LQ
WKH H[DFW ORFDWLRQ ZKHUH WKH HOHFWURSRUDWLRQ
QHHGOHV ZHUH LQVHUWHG PD\ H[SODLQ VRPH RI WKH
RXWFRPHV RI WKHVH H[SHULPHQWV :LQJV SLHUFHG E\
DQ HOHFWURGH SODFHG FORVH WR WKH ZLQJ KLQJH DV
LOOXVWUDWHG LQ )LJXUH E PD\ KDYH KDG OHVV FKDQFH
RI SURSHUO\ H[SDQGLQJ UHODWLYH WR ZLQJV WKDW ZHUH
SLHUFHG FORVHU WR WKH ZLQJ PDUJLQ DV LOOXVWUDWHG LQ
)LJXUH  7KH DSSHDUDQFH RI HFWRSLF VFDOHV ZDV
H[SHFWHG EHFDXVH SUHYLRXV UHVHDUFK KDV VKRZQ



































































-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH KRXUV RI SXSDO GHYHORSPHQW FDQ GLIIHUHQWLDWH
ULQJV RI EODFN DQG JROG FRORUV RQ WKH DGXOW ZLQJ
0RQWHLURHWDO 0RQWHLURHWDO
7KH VHW RI FRQGLWLRQV WHVWHG WKDW RSWLPL]H
WUDQVIHFWLRQ UDWH DUH QRW WKH VDPH DV WKRVH WKDW
PLQLPL]H ZLQJ GDPDJH WR WKH DGXOW 7KH RSWLPDO
FRQGLWLRQV REVHUYHG IRU WUDQVIHFWLRQ ZHUH  SXOVHV
RI  9  VHFRQG SXOVH OHQJWK DQG D  PV
LQWHUYDO EHWZHHQ SXOVHV XVLQJ )O\IHFWLQ ZKHUHDV
WKH RSWLPDO FRQGLWLRQV IRU PLQLPL]LQJ GDPDJH RQ
HPHUJHG EXWWHUIOLHV ZHUH  SXOVHV RI  9  PV
SXOVH OHQJWK DQG D  PV LQWHUYDO EHWZHHQ
SXOVHV 7KH RSWLPDO VHW RI FRQGLWLRQV WKDW OHG WR
PD[LPDO WUDQVIHFWLRQ HIILFLHQF\ ZLWK PLQLPDO
HIIHFW RQ WKH ZLQJ DQG WKH ZLQJ SDWWHUQ ZDV 
SXOVHV DW  9  PV SXOVH OHQJWK DQG  PV
LQWHUYDO EHWZHHQ SXOVHV ZLWK D '1$ FRQFHQWUDWLRQ
FORVH WR PJƫO QR )O\IHFWLQ ZDV XVHG LQ WKHVH
H[SHULPHQWV 2SWLPDO FRQGLWLRQV ZHUH HVWLPDWHG
E\ PXOWLSO\LQJ WKH ³ :LQJ *)3 ´ FROXPQ
YDOXHV LQ 7DEOH  E\ WKH FRUUHVSRQGLQJ ³ QR
HIIHFW´ YDOXHV LQ 7DEOH  LQ URZV ZLWK FRPSDUDEOH
VHWV RI FRQGLWLRQV DQG GHWHUPLQLQJ WKH URZV ZLWK
KLJKHVW SURGXFW YDOXH ,Q DOO WKHUH ZDV D 
SUREDELOLW\ RI REVHUYLQJ VRPH HIIHFW RI D WHVW
FDQGLGDWH GHYHORSPHQWDO JHQH WKDW LV QRW
FRQIRXQGHGZLWKWKHHIIHFWRIWKHRSHUDWLRQ
)URP WKHVH DQDO\VLV ZH FRQFOXGH WKDW SODVPLG
LQMHFWLRQV IROORZHG E\ HOHFWURSRUDWLRQ PD\ VWLOO
QHHG IXUWKHU LPSURYHPHQW ZKHQ EHLQJ XVHG WR
YLVXDOL]H WKH HIIHFW RI WUDQVJHQHV RQ WKH DGXOW ZLQJ
ZLWK PLQLPDO FRQIRXQGLQJ HIIHFWV IURP WKH
RSHUDWLRQ HOHFWURSRUDWLRQ RI SODVPLG '1$ 7KLV
WHFKQLTXH KRZHYHU PD\ EH XVHG HIIHFWLYHO\ WR
WHVW WKH IXQFWLRQDOLW\ RI QHZ SODVPLG FRQVWUXFWV
HVSHFLDOO\ LI WKHVH FRQVWUXFWV FRQWDLQ D IOXRUHVFHQW
PDUNHU SURWHLQ DW OHDVW  LQ  LQGLYLGXDOV ZLOO
VKRZ VRPH OHYHO RI EFGP H[SUHVVLRQ
([SHULPHQWV DLPLQJ WR RSWLPL]H RWKHU SDUDPHWHUV
WKDW ZHUH NHSW FRQVWDQW RU YDULHG ZLWKLQ D QDUURZ
UDQJH RI YDOXHV '1$ FRQFHQWUDWLRQ YROWDJH
SXOVH QXPEHU DQG LQWHUYDO EHWZHHQ SXOVHV FDQ
DOVR EH WHVWHG LQ IXWXUH WR REWDLQ D VHW RI
HOHFWURSRUDWLRQ FRQGLWLRQV WKDW PD[LPL]H
WUDQVIHFWLRQ UDWH DQG PLQLPL]H ZLQJ GDPDJH LQ
WKH DGXOW ,Q SDUWLFXODU D KLJKHU QXPEHU RI
SXOVHV ZKLFK GR QRW VHHP WR LQFUHDVH ZLQJ
GDPDJH FRPSDUH URZV  DQG  LQ 7DEOH  FRXOG
EH WHVWHG WR WU\ REWDLQ D KLJKHU WUDQVIHFWLRQ
HIILFLHQF\ $OVR SXSDO DJH ZKLFK ZDV YDULDEOH DW
WKH WLPH RI LQMHFWLRQ FRXOG EH DQ DGGLWLRQDO IDFWRU
WKDW LQIOXHQFHV WUDQVIRUPDWLRQ HIILFLHQF\
PRUWDOLW\ DQGRU SUREDELOLW\ RI ZLQJ GDPDJH
3HUKDSV WKH PRVW LPSRUWDQW PRGLILFDWLRQ VKRXOG
EH WR WU\ DQG LQVHUW WKH HOHFWURGHV LQ DUHDV RI WKH
SXSDH WKDW DUH DGMDFHQW EXW QRW RQ WRS RI WKH
SXSDOZLQJWLVVXH
&RPSDULVRQ ZLWK SUHYLRXV VWXGLHV RQ
HOHFWURSRUDWLRQRILQVHFWWLVVXHV
2XU VWXG\ LV QRW WKH ILUVW WKDW DWWHPSWV WR
HOHFWURSRUDWH SODVPLGV LQWR WKH LQVHFW ZLQJ
HSLGHUPLV 7KRPDV  DOVR DWWHPSWHG VLPLODU
H[SHULPHQWV XVLQJ Bombyx mori HPEU\RV DQG
GLVVHFWHG ODUYDO ZLQJV DQG RYDULHV +H IRXQG WKDW
 RXW RI  ZLQJV H[SUHVVHG VRPH QXPEHU RI FHOOV
H[SUHVVLQJ /DF = XVLQJ  SXOVHV RI  9  PV
SXOVH GXUDWLRQ DQG  V EHWZHHQ SXOVHV 7KHVH WZR
ZLQJV KDG DQ DYHUDJH RI  ³VSRWV´ RI SRVLWLYH
FHOOV 1R GHWHUPLQDWLRQ RI VXUYLYRUVKLS RU WLVVXH
GDPDJH ZDV GHWHUPLQHG IRU WKHVH H[SHULPHQWV DV
WKH WLVVXHV WHVWHG ZHUH ILUVW UHPRYHG IURP WKH
DQLPDO
(OHFWURSRUDWLRQ FRQGLWLRQV XVHG IRU JHQH WUDQVIHU
LQWR RWKHU LQVHFW WLVVXHV LQ SDUWLFXODU EUDLQV RI
DGXOW KRQH\EHHV DQG RI Bombyx mori .XQLHGD
DQG .XER  0RWR HW DO  ZHUH DOVR
GLIIHUHQW IURP WKH RSWLPDO FRQGLWLRQV GHWHUPLQHG
LQ RXU H[SHULPHQW )LYH SXOVHV RI D VKRUWHU SXOVH
OHQJWK RI  PV FRPELQHG ZLWK ORZHU YROWDJHV
 9 ZHUH XVHG LQ ERWK WKHVH H[SHULPHQWV
,Q WKH KRQH\EHH H[SHULPHQW WUDQVIRUPDWLRQ
HIILFLHQF\ LQFUHDVHG JUDGXDOO\ ZLWK YROWDJH EXW VR
GLG PRUWDOLW\ $W  9 WKHUH ZDV
DSSUR[LPDWHO\  PRUWDOLW\ RI WKH DGXOW EHHV
Bombyx EUDLQV ZHUH HOHFWURSRUDWHG in vitro DQG
QR PRUWDOLW\ UDWHV ZHUH DVVHVVHG 7KH SXOVH OHQJWK
DQG QXPEHU RI SXOVHV ZHUH NHSW FRQVWDQW LQ ERWK
WKHVHH[SHULPHQWV
,Q EXWWHUIO\ ZLQJV QHLWKHU  9 QRU  9 OHG WR
KLJK PRUWDOLW\ 7DEOH  EXW  9 UHVXOWHG LQ QR
YLVLEOH WUDQVIRUPDWLRQ DQG ERWK RI WKHVH YROWDJHV
LQ FRPELQDWLRQ ZLWK ORQJHU SXOVHV FDXVHG VOLJKWO\
KLJKHU RFFXUUHQFH RI ZLQJ GDPDJH 7KHVH UHVXOWV
VXJJHVW WKDW GHSHQGLQJ RQ WKH W\SH RI WLVVXH RU
RUJDQLVP EHLQJ HOHFWURSRUDWHG VSHFLILF RSWLPDO
HOHFWURSRUDWLRQFRQGLWLRQVQHHGWREHGHYHORSHG
(OHFWURSRUDWLRQ RI SODVPLGV XVLQJ VRPH RI WKH
FRQGLWLRQV WHVWHG KHUH ZLOO EH VXIILFLHQW WR
WUDQVIHFW IDLUO\ ODUJH SRSXODWLRQV RI HSLGHUPDO
FHOOV LQ GHYHORSLQJ SXSDO ZLQJV 7KLV WHFKQLTXH
KRZHYHU OHDGV WR D ODUJH SURSRUWLRQ RI DGXOWV
FDUU\LQJ GLVWRUWLRQV WR WKH ZLQJV DQG WKH ZLQJ
SDWWHUQV )XWXUH GHYHORSPHQWV RI WKLV WHFKQLTXH
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